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able test procedure, despite the many divergent approaches taken by
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the different countries. When in 1966 I began my career as a microbio-
logist,differentprocedureswereusedinallcountriestotesttheefficacy
of disinfectants. The results of such tests did not at all lend themselves
to comparison.
One of the most important requirements to be addressed to a future,
generally acceptable procedure was naturally that the results should
be reproducible. To that effect, it was necessary to standardize all as-
pects of the test since even the slightest discrepancy could give rise to
markedlydifferentresults.Ontheotherhand,eachspecifieddetailhad
tobescientificallycorroboratedtoproveacceptabletoallparties.1990
marked a major breakthrough towards harmonization of European dis-
infectiontestprocedureswiththefoundingofthe“ChemicalDisinfection
and Antiseptics” (TC 216) working group within the framework of the
“EuropeanCommitteeforStandardization(CEN).Thisservedasabasis
for Phase 1 (basic evaluation of the disinfectant effect or suspension
tests under different conditions) and Phase 2 tests (tests on different
surfacesunderpractice-orientedconditions).Thequantitativeprinciple
is now valid for both phases. Major investments were needed to bring
aboutEuropeanharmonization.WeDutch,inparticular,arewellknown
forhavingourownopinions.Butwe,too,continuedtoengageindiscus-
sions and collaborations until we reached a consensus and learned to
respect each other and even to become friends in some cases.
Today, harmonization endeavors extend well beyond Europe: with its
biocideprogram,theOECDpesticidesworkinggroupisworkingtowards
the development of a global test procedure for disinfectants. So we
havenot,byanymeans,reachedtheendoftheroad:thereisstillmuch
to be accomplished by our successors: I am confident that we shall




Seit 1970 beweisen wir in Europa, dass es möglich ist, durch einen in-
tensivenDialogundkonstruktiveZusammenarbeitausvielennationalen
Vorgehensweisen zu einem allgemein akzeptierten Testverfahren zu
kommen. Als ich 1966 meine Arbeit als Mikrobiologe begann, wurden
dieDesinfektionsmittelinjedemLandmitunterschiedlichenTestverfah-
ren auf ihre Wirksamkeit getestet. Die Ergebnisse der Tests waren in
keiner Weise vergleichbar.
Eine der wichtigsten Forderungen an ein zukünftiges, allgemein akzep-
tiertesVerfahrenwarnatürlich,dassdieErgebnissestabilbleibensollten
bei Test –Wiederholungen. Dazu war es notwendig, das Testverfahren
in jedem Detail zu standardisieren. Kleinste Abweichungen konnten zu
1/6 GMS Krankenhaushygiene Interdisziplinär 2007, Vol. 2(1), ISSN 1863-5245
Original Contribution OPEN ACCESSdeutlich anderen Ergebnissen führen. Jedes festgelegte Detail musste
andererseitswissenschaftlichbegründetsein,wennalleesakzeptieren
sollten. Ein großer Durchbruch für die europäische Abgleichung der
Desinfektionsmitteltestung war 1990 die Gründung der Arbeitsgruppe
„Chemische Desinfektion und Antiseptica“ (TC 216) im Rahmen des
„European Committee for Standardization (CEN)“. Jetzt entstanden
Tests für die Phase 1 (grundsätzliche Beurteilung der desinfizierenden
Wirkung bzw. Suspensionstests unter unterschiedlichen Bedingungen)
undPhase2(TestaufunterschiedlichenOberflächenunterpraxisnahen
Bedingungen). Das quantitative Prinzip ist nun für beide Phasen gültig.
Der Aufwand für die europäische Einigung war groß. Gerade wir Hollän-
der sind ja bekannt dafür, ihre eigene Meinung zu haben. Aber auch
wir haben solange diskutiert, so lange zusammen gearbeitet, bis wir
zusammengefundenhaben,gelernthaben,unsgegenseitigzurespek-
tieren, zum Teil sogar Freunde geworden sind.
Heute gehen die Einigungsversuche weit über Europa hinaus: die Ar-
beitsgruppefürPestizidederOECDarbeitetimZusammenhangmitihren
Biozid-Programm daran, ein global einheitliches Testverfahren für
Desinfektionsmittel zu erreichen. Wir sind also noch lange nicht am
Ende angelangt, viel bleibt für unsere Nachfolger noch zu tun. Ich bin
zuversichtlich, dass das gelingen wird, denn niemand – weder die Her-
steller noch die Behörden – können das Wissen negieren, auf dem die
europäischen Standards beruhen.
Development of quantitative
suspension tests from 1970
onwards
When I started my career at the National Institute of
Health in the Netherlands in 1966 my task was research
and assessment of antimicrobial agents, i.e. antibiotics
and disinfectants. Quantitative testing of disinfectants
was initiated in our laboratory to evaluate new disinfect-
ant products under the Pesticide Act, published in 1963.
Our Standard Suspension Test (SST) was based on the
so called 5-5-5 test, introduced by Mossel for the rapid
evaluation of disinfectants intended for use in food pro-
cessing plants [1].
At that time a variety of test methods was in use in the
different countries, most of them qualitative (end point)
tests. That was the reason why in 1970 and 1972 the
first and second International Colloquium about the
Evaluation of Disinfectants In Europe were organized in
Hamburg [2], [3]. My memory of the latter meeting - or-
ganized by the European Committee under the auspices
oftheRudolfSchülkeFoundation-isstillvividsincethere
I met for the first time the colleagues that played a major
role in the harmonization efforts to come.
The necessity of harmonization was illustrated by Rey-
brouck, who compared the four main suspension tests
in use at that time, i.e. the qualitative use-dilution test of
the A.O.A.C. (USA), the qualitative suspension test of the
German Society for Hygiene and Microbiology, the
quantitative Dutch Standard Suspension Test and a
qualitative capacity test (‘Kelsey-Sikes test’) in use in the
United Kingdom. The main conclusion from this compari-
son was that the methods differ to such an extent that
‘there is no way of establishing a comparison between
the results of the four methods with a view of setting up
a conversion table. Each disinfectant testing technique
has its own characteristics [4].
In the mean time the French Normalization Institute
(AFNOR)hadadoptedtheprincipleofquantitativetesting
[5]. Moreover Reybrouck and Werner, on behalf of the
European Committee, expressed their preference for a
quantitative suspension test on the basis of their
comparative studies and the experience in France and
the Netherlands [6].
An important issue was and still is the repeatability and
reproducibility of these tests. That is why we carried out,
in the mid seventies, a collaborative study with the SST
in which 10 laboratories participated, including the
laboratories of 5 major manufacturers of disinfectants:
Akzo Chemie, Benckiser, Th. Goldschmidt, Schülke &
Mayr and Unilever Research. The results indicated that
withintherangeofmeasurableM.E.(microbicidaleffect)
values many replications are necessary to obtain a man-
ageable precision, and that improvement could probably
be obtained by a more rigorous standardization of the
method [7].
A logical further step in this respect was the decision
taken during a meeting of the extended European Com-
mittee in Mainz [8] to carry out an international collabor-
ativestudywiththeobjectivetoarriveataninternationally
accepted quantitative suspension test (QST); the results
were published in 1979 [9]. However, this test procedure
neverreachedthestatusofinternationallyacceptedQST,
since the European Committee stopped its activities in
1978.
A further opportunity on the track to European harmon-
ization occurred by the initiative from the Netherlands to
organize a collaborative study within the framework of
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areferencemethodacceptableforallmembercountries.
A more standardized version of the SST was used in this
ringtrial,inwhichagain10laboratoriesparticipated.The
results were not much better than our first collaborative
study with the SST. A survey carried out after completion
ofthestudyrevealedthatamajorsourceofvariationwas
probably the way the use dilutions of the disinfectants
were prepared; so in consultation with a selection of in-
ternational experts the method was redrafted and more
rigorously standardized and finally published as the
European Suspension Test (EST) under the auspices of
the Council of Europe in 1987 [10]. Strictly the method
was only intended for disinfectants in the food industry,
but was potentially also useful for the medical and
veterinary sector.
Development of carrier tests
From the start of designing suspension tests it was gen-
erally recognized that exposing micro-organisms in sus-
pension to an excess of disinfectants is far from the
situationinrealpracticeandoflimitedvalueinpredicting
the effectiveness of these products under practical con-
ditions.Forthisreasonmanylaboratoryprocedureshave
been developed mimicking the latter conditions.These
methods have in common that the test organisms are
dried on a carrier - usually glass, tiles or stainless steel
– and subsequently exposed to a small volume of the
disinfectant; after exposure the surviving germs are re-
covered and counted by standard plate counting proced-
ures.Oneofthemaindifferencesbetweenthesemethods
is the way of recovery of the germs from the carriers e.g.
by rinsing, swabbing or impression. In 1977 Borneff and
co-workers published a series of articles on this subject
in the Zbl. Bakt. Hyg., among others a comprehensive
literature survey [11].
Inourviewthe,atthattime,preferredGermanimpression
method with Rodac plates was more laborious and less
reliable than the rinsing technique as described in the
Dutch quantitative carrier test (QCT) [12]. The latter
techniquewasalsopreferredbyReybrouckafterextensive
comparativetesting[13].Heshowedthatthedifferences
between the various methods - with regard to carrier
types,inoculumpreparation,organicload,exposuretimes,
recoveryprocedureandinterpretationcriteria-mayresult
in significant differences in the outcome (reduction




or mutual acceptance of the different national test
methods was reached and manufacturers, wanting to
registertheirproductsinthedifferentEuropeancountries,
were faced with high costs for efficacy testing according
to each national requirement.
Early in 1989 I was asked by representatives of our gov-
ernment and the Dutch Normalisation Institute to give
my view on a proposal by the European Committee for
Standardization(CEN)tostartaTCondisinfectanttesting.
The initiative for this project was taken by the British
Standardization Institute (BSI) in September 1988,
through application of a Form A (CEN N 676) asking to
startstandardizationworkondisinfectantsforagricultur-
al, veterinary, food and industrial applications, followed
by additional proposals of AFNOR and SNV to include
antiseptics and medical applications.
On18September1989ameetingtookplaceinBrussels
of an ad hoc group on disinfectants and antiseptics, in
which CEN and the normalisation institutes of the UK,
France, Germany and Switzerland participated. During
that meeting it was decided to create a TC entitled
‘Chemical Disinfectants and Antiseptics’, and the secre-
tariats of the TC and its working groups (medical, veterin-
ary and food/industrial respectively) were allocated. In
the same month a European symposium took place in
Fougères(Fr.)undertheauspicesoftheFrenchministries
covering those fields, where representatives of many
countriessummarizedanddiscussedthedifferentnation-
al test methods and regulatory procedures [14].
In the mean time I had warmly subscribed to the CEN
initiativesandwasaskedtorepresentthegovernment/Na-
tional Institute of Health of the Netherlands at the first
and founding meeting of the new TC 216, on 25/26 April
1990.
During that first meeting Prof. Reber was chosen unani-
mously as chairman. One of the resolutions of this first
meeting pertained to the scope being: ‘Standardization
oftheterminology,requirements,testmethodsincluding
potential efficacy under in use conditions, recommenda-
tions for use and labelling in the whole field of chemical
disinfectants and antiseptics’. The aim was to design a
setoftestmethodsthatshouldbeadoptedonaEuropean
level, taking into account the experience in this field ob-
tained in the past decades in the different countries of
the European Community.
TC 216 embarked on a programme comprising respect-
ively so called phase 1 tests, i.e. preliminary suspension
tests to verify whether a product deserves the qualifica-
tion ‘disinfectant’, phase 2 tests covering suspension
tests under a variety of test conditions (step 1) and tests
on surfaces that mimic practical conditions (step 2). We
decided to abstain from designing tests under real prac-
tical conditions (phase 3 tests), since these conditions
mayvaryconsiderablyandarehardtostandardize.Close
topracticehoweverarethetestsforhygienicandsurgical
hand disinfection that were developed based on the
methodologydesignedbyRotterandco-workersinVienna
in the 1970-ies [15].
From the start the committee adopted the principle of
quantitative testing for all phases. In numerous sessions
of the different working groups the details of the draft
methods were discussed. Although the process was time
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tionalmethodsandtraditions,steadyprogresswasmade
thanks to a general willingness to reach consensus and
the feeling that we couldn’t afford spoiling this historical
opportunity to reach harmonization in this field. So over
the years agreement was reached on suspension tests
with bacteria, mycobacteria, fungi, bacterial spores and
viruses for medical, veterinary and institutional applica-
tions, for clean and dirty conditions. They are published
as CEN Standards, implying that national regulatory
bodies have to accept them in their registration proced-
ures.
DevelopmentofaEuropeansurfacetest
In 1991 an expert group from CEN/TC216 – so called
Surface Test Group (STG), that I was privileged to chair,
was asked to develop a well standardized European sur-
facetestmethod.Afterlengthydiscussionsweconcluded
that the primary goal of such a test should be to obtain
quantitativeinformationabouttheefficacy(killingpoten-
tial) of disinfectants on bacteria attached to hard sur-
faces, keeping in mind that information about killing of
bacteria that are dispensed in a disinfectant solution, is
obtainedinthesuspensiontests,usuallycarriedoutprior
to surface testing.
In 1993 the first draft of a ‘basic’ surface test was de-
signed. Small circular stainless steel surfaces (2 cm dia-
meter) were chosen as carriers, as proposed by Dr. Sally
Bloomfield (UK). The first results obtained in a collabora-
tive study with this draft European surface test were
published in 1995 [16]. Subsequently the principles of
this methodology were used by the different WG’s to
designtheirownsurfacetests,amongothersaparticular
variant for instrument disinfectants.
Other special Task Groups
The principle of creating task groups of experts for devel-
opingabasicmethodologyforaparticularfieldappeared
to be fruitful and was also applied for test procedures
with mycobacteria, spores and viruses; those groups –
respectivelychairedbyDr.Orefici(It.),Dr.Böhm(Ge.)and
Dr.Thraenhart(Ge.)–reportedtothesocalledHorizontal
Working Group (HWG). Once accepted the other WG’s
(medical,veterinary,institutional)weresupposedtoadopt
and include these principles in their own test methods
that could be modified for special purposes with regard
to test strains, contact times, interfering substances etc.
Main points of discussion
It goes without saying that this brief history doesn’t allow
presentation or discussion of technical details. In retro-
spect the main issues of discussion were and still are
(i) the reliability, i.e. the repeatability and reproducibility
of the tests,
(ii) the relevance of the different suspension- and carrier
tests with regard to finding the proper concentrations for
practical use,
(iii) the relation between the different tests with respect
to minimum requirements for the respective fields of
application.
Ad (i): The first topic was approached by organizing ring
trials with the different CEN Standards. The first one, so
calledAndistandprojectwiththebasic(phase1)suspen-
sion test, was for a me a special scientific and social ex-
perience, with frequent meetings in Paris where we dis-
cussed the results of the ring trial with the statistician;
main contributors were Dr. Andrée Cremieux and Dr.
Hans-Joachim Rödger.
Thefindingsindicatedthatthereproducibilityandrepeat-
ability of the test were similar to our earlier findings with
the Dutch SST; the implication is that to obtain a reason-
able precision the test has to be repeated many times,
for instance to get a 90% probability that the ‘real’ M.E.
value will not differ more than 1 log from the measured
M.E. value, the test has to be repeated about 8 times.
Similar findings were obtained in a second major ring
trial project (leaders Drs. Rödger and Gebel) with tests
for instrument disinfectants. Obviously a requirement to
repeat each test many times will render disinfectant
testing for manufacturers unacceptably expensive. A
reasonable compromise still has to be decided upon.
I want to emphasize that the organization and design of
these ring tests was relatively difficult and time consum-
ing and required a lot of idealism form the participants,
in particular while funding was usually limited.




from practical conditions, use dilutions are often based
on the concentrations that pass such a test; the usual
requirement is that these concentrations should induce
at least 5 log reduction within a rather short exposure
time (often 5 minutes). For instance in the Netherlands
suspension tests are still the only mandatory tests in of-
ficial regulatory procedures.
ThesurfacetestsdevelopedbyTC216are‘tougher’tests
than suspension tests. Experience thus far indicate that
concentrations/dilutions that pass the phase 2/step 1
(suspension) tests will induce a significantly lower kill (2-
4logreductionorevenlower)inphase2/step2(surface)
tests. So much higher concentrations are needed in sur-
face tests to obtain a similar reduction as in suspension
tests. Concern has been expressed about increasing the
in use concentrations to levels that are unnecessarily
high; especially requirements for surfaces that are thor-
oughly cleaned before disinfection might be significantly
lower than the 4 or 5 log reduction that is now required
in the CEN phase 2/step 2 standards [17].
Ad (iii): This topic follows from the former. Probably the
most important question is which collection of tests is
required for the different label claims of disinfectant
products. Therefore a special task group of TC 216 has
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version that is now in progress will become a proper
guideline describing the relationship between the stand-
ards and the minimum required spectrum of activity for
different applications [18].
From European to global
harmonization
At the turn of the century, while CEN TC 216 slowly but
steadily moved to its harvest season and Dr. Graziella
OreficihadtakenoverthechairfromProf.Reber,another
organizationtooktheinitiativetoexplorethepossibilities
of a transatlantic harmonization of disinfectant testing,
i.e. the Working Group on Pesticides of the OECD (Organ-
ization for Economic Cooperation and Development)
within the context of its Biocides Programme. The object-
ivesofthisprogrammeare:thedevelopmentofguidance
for efficacy testing and assessment and work towards
harmonizationofpass/failcriteria.Thisinitiativecoincided
with a growing interest of the United States and Canada
for the European quantitative approach of disinfectant
testing and their growing criticism on the qualitative
methods of the A.O.A.C.
To exchange views a Workshop was organized in April
2002inWashington,withabout100expertsparticipating
fromresearchinstitutes,regulatoryagenciesandindustry.
With several colleagues from TC 216 I had the pleasure
to be in the organizing committee of that workshop that
focusedonefficacyissuesofantimicrobialbiocidesused
on hard surfaces, porous surfaces or in water and mater-
ials treated with such biocides [19].
Oneoftheitemswhereconsensusappearedtoexistwas
the principle of quantitative testing of surface disinfect-
antsundercircumstancessimulatingpractice.Atpresent
further initiatives are taken to compare the European
Standards with the quantitative surface test developed
in Canada (Dr. Satar).
Final remarks
Since 1970 we have witnessed in Europe an evolution
from a huge variety of national test methods to a mutual
exchange of views and collaboration that has resulted in
general accepted European Standards for disinfectant
testing. I feel privileged that I could contribute in this
European harmonization process as delegate for the
Netherlands. The Dutch are well known for their polder
mentality,i.e.theirpreferenceforreconciliationofoppos-
ite views by reason. In this respect I really enjoyed the 13
years as a member of TC 216 and a variety of its working
groups. In numerous meetings and social gatherings in
so many interesting places - from Berlin to Paris, from
London to Rome from Helsinki to Vienna and from Brus-
sels to Zürich - national and traditional differences and
controversies were discussed and solved.
Mostimportantformewerenotthedetailsofthedifferent
methods but the open and honest discussions with so
many colleagues, of which some became good friends.
When I left TC 216 in October 2003 (due to retirement)
I realized that its task was not yet finished and that the
next generation has to consolidate and to extend what
wehavereachedsofar.Somecolleagueshaveexpressed
concern about this future. I’m less pessimistic since
nobody,neithermanufacturersnorregulatingauthorities,
can ignore the scientific knowledge that is condensed in
these European Standards.
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Dr.B.vanKlingerenhasbeenworkingasamicrobiologist
at the National Institute of Health and the Environment
in The Netherlands (RIVM) from 1966 till his retirement
in 2003.
For many years he was involved in research and assess-
ment of new antibiotics and disinfectants. From 1990 till
2003 he represented the Dutch government in CEN/TC
216 ‘Disinfectants and Antiseptics’ and was a member
of several working groups of this Technical Committee;
moreoverhewaschairmanoftheDutchNormCommittee
on disinfectant testing, i.e. the national mirror group of
TC 216, in that period.
Hehaspublishedseveralstudiesontherepeatabilityand
reproducibility of quantitative suspension tests and a
quantitativecarriertestfortheevaluationofdisinfectants.
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